=> d his 

(FILE 'HOME' ENTERED AT 10:17:15 ON 20 DEC 2004) 

FILE 'MEDLINE, EMBASE, BIOSIS, BIOTECHDS, SCISEARCH, HCAPLUS, NTIS, 
LIFESCI' ENTERED AT 10:17:37 ON 2 0 DEC 2 004 
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S "PHAFFIA RHODOZYMA" 
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DUP REM LIO (56 DUPLICATES REMOVED) 
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DUP REM L16 (0 DUPLICATES REMOVED) 
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* Welcome to STN International ********** 

Web Page URLs for STN Seminar Schedule - N. America 
"Ask CAS" for self-help around the clock 

New pricing for the Save Answers for SciFinder Wizard within 
STN Express with Discover! 
KOREAPAT now available on STN 

Current -awareness alerts, saved answer sets, and current 
search transcripts to be affected by CERAB, COMPUAB, ELCOM, 

and SOLIDSTATE reloads 
PHAR reloaded with additional data 
LISA now available on STN 

12 databases to be removed from STN on December 31, 2004 
MEDLINE update schedule for December 2004 
ELCOM reloaded; updating to resume; current -awareness 
alerts (SDIs) affected 

COMPUAB reloaded; updating to resume; current -awareness 
alerts (SDIs) affected 

SOLIDSTATE reloaded; updating to resume; current -awareness 
alerts (SDIs) affected 

CERAB reloaded; updating to resume; current -awareness 
alerts (SDIs) affected 

THREE NEW FIELDS ADDED TO IFIPAT/IFIUDB/IFICDB 

NEWS EXPRESS OCTOBER 29 CURRENT WINDOWS VERSION IS V7.01A, CURRENT 
MACINTOSH VERSION IS V6 . Oc (ENG) AND V6.0Jc(JP), 
AND CURRENT DISCOVER FILE IS DATED 11 AUGUST 2004 

NEWS HOURS STN Operating Hours Plus Help Desk Availability 

NEWS INTER General Internet Information 

NEWS LOGIN Welcome Banner and News Items 

NEWS PHONE Direct Dial and Telecommunication Network Access to STN 
NEWS WWW CAS World Wide Web Site (general information) 

Enter NEWS followed by the item number or name to see news on that 
specific topic. 

All use of STN is subject to the provisions of the STN Customer 
agreement. Please note that this agreement limits use to scientific 
research. Use for software development or design or implementation 
of commercial gateways or other similar uses is prohibited and may 
result in loss of user privileges and other penalties. 

************* STN Columbus *************** 
FILE 'HOME' ENTERED AT 10:17:15 ON 20 DEC 2004 

=> file medline embase biosis biotechds scisearch hcaplus ntis lifesci 
COST IN U.S. DOLLARS SINCE FILE TOTAL 

ENTRY SESSION 

FULL ESTIMATED COST 0.21 0.21 



FILE 'MEDLINE' ENTERED AT 10:17:37 ON 20 DEC 2004 



FILE 'EMBASE' ENTERED AT 10:17:37 ON 20 DEC 2004 
COPYRIGHT (C) 2 004 Elsevier Inc. All rights reserved. 

FILE 'BIOSIS' ENTERED AT 10:17:37 ON 20 DEC 2004 
Copyright (c) 2004 The Thomson Corporation. 

FILE 'BIOTECHDS' ENTERED AT 10:17:37 ON 20 DEC 2004 
COPYRIGHT (C) 2004 THE THOMSON CORPORATION 

FILE 'SCISEARCH' ENTERED AT 10:17:37 ON 20 DEC 2004 
Copyright (c) 2004 The Thomson Corporation. 

FILE 'HCAPLUS' ENTERED AT 10:17:37 ON 20 DEC 2004 

USE IS SUBJECT TO THE TERMS OF YOUR STN CUSTOMER AGREEMENT. 

PLEASE SEE "HELP USAGETERMS " FOR DETAILS. 

COPYRIGHT (C) 2004 AMERICAN CHEMICAL SOCIETY (ACS) 

FILE 'NTIS' ENTERED AT 10:17:37 ON 20 DEC 2004 

Compiled and distributed by the NTIS, U.S. Department of Commerce. 

It contains copyrighted material. 
All rights reserved. (2004) 

FILE 'LIFESCI' ENTERED AT 10:17:37 ON 20 DEC 2004 
COPYRIGHT (C) 2004 Cambridge Scientific Abstracts (CSA) 



=> s astaxanthin 

LI 5879 ASTAXANTHIN 

=> s astaxanthin (a) synthetase? 

L2 0 ASTAXANTHIN (A) SYNTHETASE? 

=> s synthetase? 

L3 186583 SYNTHETASE? 

=> s ll(a)13 

6 FILES SEARCHED . . . 
L4 0 LI (A) L3 



=> s 11 and 13 



L5 



24 LI AND L3 



=> dup rem 15 

PROCESSING COMPLETED FOR L5 

L6 17 DUP REM L5 (7 DUPLICATES REMOVED) 

=> d 1-17 ibib ab 
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TITLE : 



INVENTOR (S) : 
PATENT ASSIGNEE (S) : 
SOURCE : 

DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



2004 : 1037229 HCAPLUS 

A bacterial operon encoding enzymes of carotenoid 
biosynthesis and its use in the manufacture of 
carotenoids 

Cheng, Qiong; Tao, Luan 

E.I. Du Pont de Nemours & Company , USA 

PCT Int. Appl., 95 pp. 

CODEN: PIXXD2 

Patent 

English 

3 



PATENT NO. 



KIND DATE 



APPLICATION NO. 



DATE 
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PRIORITY APPLN. 


INFO 














US 2003- 


471904P 




P 20030520 




















US 2003- 


527083P 




P 20031203 



AB An operon encoding six enzymes of carotenoid biosynthesis: geranylgeranyl 
pyrophosphate (GGPP) synthetase (CrtE) , phytoene synthase 
(CrtB) , phytoene desaturase (CrtI) , lycopene cyclase (CrtY) , 
p-carotene hydroxylase (CrtZ) , and zeaxanthin glucosyl transferase 
(CrtX) has been identified and cloned from uncharacterized Enterobacterium 
DC260. The bacterium is similar to safe (BSLl level) microorganisms 
Leclercia decarboxylata and Enterobacter intermedins at the level of 16S 
rRNA sequences. The genes and their products are useful for the 
conversion of farnesyl pyrophosphate to carotenoids for use in dietary 
supplements and in the synthesis of unusual carotenoids. The genes were 
cloned in Escherichia coli using a cosmid library and screening ws by 
looking for colonies with a yellow pigmentation. They were identified by 
BLAST comparison of the sequences. The gene cluster complemented a 
carotenoid-def icient mutation of Methylomonas 16a. 
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2004:546564 HCAPLUS 

141 :105355 

Mutant carotenoid-producing microorganisms and their 

use in carotenoid fermentation 

Cheng, Qiong; Rouviere, Pierre E.; Tao, Luan 

E.I. Du Pont De Nemours and Company, USA 

PCT Int. Appl., 85 pp. 

CODEN: PIXXD2 

Patent 

English 

1 



PATENT NO. 



KIND 



DATE 



WO 2004056974 

W: AU, CA, 
RW: AT, BE, 
IT, LU, 
2004146966 

INFO. 



JP, 
BG, 
MC, 



US 

PRIORITY APPLN 
AB 



A2 
NO 
CH, 
NL, 

Al 



20040708 



APPLICATION NO. 



WO 2003-US41811 



DATE 



20031219 



FI, FR, GB, GR, HU, IE, 



CY, CZ, DE, DK, EE, ES, 
PT, RO, SE, SI, SK, TR 

20040729 US 2003-735008 20031212 
US 2002-435612P P 20021219 

Disclosed are carotenoid-overproducing microorganisms (yeast, filamentous 
fungi, bacteria) with disrupted deaD, mreC, and/or yfhE genes and 
fermentative manufacture of carotenoids with cultures of these microorganisms . 
Thus, mutations in genes having no direct relationship to the carotenoid 
biosynthetic pathway have been found to increase carbon flux through that 
pathway. Complete disruption in the deaD, mreC, and yfhE genes of E. coli 
were effective. Addnl . where genes of the lower carotenoid pathway (i.e., 
crtEXYIB genes) reside on a plasmid having either a pl5A or pMBl replicon, 
mutations in the thrS, rspA, rpoC, yjeR, and rhoL were found effective. 
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ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE : 

INVENTOR (S) : 

PATENT ASSIGNEE (S) : 
SOURCE : 

DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



2004 : 183041 HCAPLUS 
140 :234476 

Transgenic plants with enhanced ketolase activity for 

use in production of ketocarotenoids in flower petals 

Schopfer, Christel Renate; Flachmann, Ralf; Herbers, 

Karin; Kunze, Irene; Sauer, Matt; Klebsattel, Martin 

Sungene G.m.b.H. & Co. K.-G.a.A., Germany 

PCT Int. Appl., 497 pp. 

CODEN: PIXXD2 

Patent 

German 

11 



PATENT NO. 



KIND DATE 



APPLICATION NO. 



DATE 



WO 2004018693 



A2 20040304 WO 2003-EP9102 20030818 

W: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, 

CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 

GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 

LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NI, NO, NZ, OM, 

PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM, TN, 

TR, TT, TZ, UA, UG, US, UZ , VC, VN, YU, ZA, ZM, ZW 

RW: GH, GM, KE, LS , MW, MZ , SD, SL, SZ, TZ, UG, ZM, ZW, AM, AZ, BY, 

KG, KZ, MD, RU, TJ, TM, AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, 

FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO, SE, SI, SK, TR, 

BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG 



DE 10238979 Al 20040226 

DE 10238978 Al 20040304 

DE 10238980 Al 20040304 

DE 10253112 Al 20040603 

DE 10258971 Al 20040701 
PRIORITY APPLN. INFO. : 



DE 2002-10238979 
DE 2002-10238978 
DE 2002-10238980 
DE 2002-10253112 
DE 2002-10258971 
DE 2002-10238978 
DE 2002-10238979 
DE 2002-10238980 
DE 2002-10253112 
DE 2002-10258971 



A 
A 
A 
A 
A 



20020820 
20020820 
20020820 
20021113 
20021216 
20020820 
20020820 
20020820 
20021113 
20021216 



AB The invention relates'^ to a method for the production of ketocarotinoids by 
means of the cultivation of plants, which have an altered ketolase 
activity in flower petals in comparison to the wild type, the genetically 
altered plants and the use thereof as human and animal foodstuffs and for 
the production of ketocarotinoid exts. Thus, the flower petals of transgenic 
tomato expressing the Haematococcus pluvialis ketolase gene from the 
flower-specific AP3 promoter of A. thaliana were examined for ketocarotenoid 
content. While control plants produced primarily violaxanthin, the 
transgenic plants produced mainly astaxanthin (61% of total 
carotenoids) with some adonirubin (15%) , adonixanthin (4%) , and 
p/C-carotene (15%), and no violaxanthin. Similar results were 
observed with transgenic Tagetes erecta. 
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on STN 
ACCESSION NUMBER: 
TITLE : 

AUTHOR : 

CORPORATE SOURCE: 



SOURCE : 



COUNTRY : 



2004123707 EMBASE 

Cell wall proteomics of the green alga Haematococcus 

pluvialis (Chloroplyceae) . 

Wang S.-B.; Hu Q.; Sommerfeld M. ; Chen F. 

Q. Hu, School of Life Sciences, Arizona State University, 
P.O. Box 874501, Tempe, AZ 85287-4501, United States. 

huqiang@asu . edu 

Proteomics, (2004) 4/3 (692-708) . 
Refs: 64 

ISSN: 1615-9853 CODEN: PR0TC7 
Germany 



DOCUMENT TYPE: Journal; Article 

FILE SEGMENT: 004 Microbiology 

LANGUAGE : Engl i sh 

SUMMARY LANGUAGE: English 

AB The green microalga Haematococcus pluvialis can synthesize and accumulate 
large amounts of the ketocarotenoid astaxanthin, and undergo 
profound changes in cell wall composition and architecture during the cell 
cycle and in response to environmental stresses. In this study, cell wall 
proteins (CWPs) of H. pluvialis were systematically analyzed by sodium 
dodecyl sulf ate-polyacrylamide gel electrophoresis (SDS-PAGE) coupled with 
peptide mass fingerprinting (PMF) and sequence-database analysis. In 
total, 163 protein bands were analyzed, which resulted in positive 
identification of 81 protein orthologues. The highly complex and dynamic 
composition of CWPs is manifested by the fact that the majority of 
identified CWPs are differentially expressed at specific stages of the 
cell cycle along with a number of common wall-associated 'housekeeping' 
proteins. The detection of cellulose synthase orthologue in the vegetative 
cells suggested that the biosynthesis of cellulose occurred during primary 
wall formation, in contrast to earlier observations that cellulose was 
exclusively present in the secondary wall of the organism. A transient 
accumulation of a putative cytokinin oxidase at the early stage of 
encystment pointed to a possible role in cytokinin degradation while 
facilitating secondary wall formation and/or assisting in cell expansion. 
This work represents the first attempt to use a proteomic approach to 
investigate CWPs of microalgae . The reference protein map constructed and 
the specific protein markers obtained from this study provide a framework 
for future characterization of the expression and physiological functions 
of the proteins involved in the biogenesis and modifications in the cell 
wall of Haematococcus and related organisms. 

L6 ANSWER 5 OF 17 EMBASE COPYRIGHT 2004 ELSEVIER INC. ALL RIGHTS RESERVED, 
on STN 

ACCESSION NUMBER: 2004260833 EMBASE 

TITLE: Study of the expression of carotenoid biosynthesis genes in 

wild-type and deregulated strains of xanthophyllomyces 

dendrorhous (ex: Phaffia rhodozyma) . 
AUTHOR: Lodato P.; Alcaino J.; Barahona S.; Retamales P.; Jimenez 

A. ; Cifuentes V. 
CORPORATE SOURCE: V. Cifuentes, Casilla 653, Santiago, Chile. 

vcifuent@uchile.cl 
SOURCE: Biological Research, (2004) 37/1 (83-93). 

Refs: 44 

ISSN: 0716-9760 CODEN: BESEEB 
COUNTRY: Chile 
DOCUMENT TYPE: Journal; Article 

FILE SEGMENT: 004 Microbiology 

LANGUAGE : Eng 1 i S h 

SUMMARY LANGUAGE: English 

AB The expression, at the mRNA level, of carotenoid biosynthetic genes from 
Xanthophyllomyces dendrorhous was studied by RT-PCR. The experimental 
conditions for the RT-PCR assay were standardized to quantify the relative 
transcript levels of idi, crtE, crtYB and crti genes. This work attempted 
to correlate astaxanthin production with the transcript levels 
of carotenogenic genes in a wild- type strain (UCD 67-3 85) and two 
overproducer deregulated strains (atxSl and atxS2) . At 3 day cultures, the 
wild-type strain contained higher transcript levels from the crtE and 
crtYB genes on minimal medium than on rich medium. Similarly, carotenoid 
production was higher on minimal medium than on rich medium. However, 
carotenoid production in the atxSl and atxS2 strains was not correlated 
with the transcript level of carotenogenic genes under the same 
experimental conditions. This result suggests that there is not a linear 
relationship between carotenogenic transcript levels and carotenoid 
biosynthesis . 
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DOCUMENT TYPE: 
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2003 : 355739 HCAPLUS 
138:363828 

Isolated carotenoid biosynthesis gene cluster from 
Bradyrhizobium involved in canthaxanthin production 
use as a feed additive 
Giraud, Eric; Hannibal, Laure 
Fr. 

U.S. Pat. Appl. Publ., 14 pp. 

CODEN: USXXCO 

Patent 

English 

1 



PATENT NO. 



KIND 



DATE 



APPLICATION NO. 



DATE 



US 2003087337 

CA 2349040 
PRIORITY APPLN. INFO 
AB 



Al 20030508 US 2002-166037 20020611 
AA 20021213 CA 2001-2349040 20010613 
US 2001-297272P P 20010612 

Isolated gene cluster involved in canthaxanthin biosynthesis, which 
comprises a polynucleotide wherein: crtY, crti, crtB and crtW genes are 
clustered in this order and in the same orientation, and, preceding the 
four cited genes, crtE gene is oriented in the opposite direction. 
Applications for producing natural carotenoids useful in pharmaceutical, 
cosmetic and nutritious compns. 
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FAMILY ACC. NUM. COUNT: 
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2003 : 922684 HCAPLUS 
140 : 1581 

Regulation of genes involved in carotenoid and 

tocopherol biosynthesis pathway in transgenic plants 

for producing carotenoid compounds, tocopherol 

compounds, and specialty oils in plant seeds 

Shewmaker, Christine K. / Bhat, B. Ganesh; 

Venkatramesh, Mylavaraapu; Rangwala, Shaukat H.; 

Kishore, Ganesh M.; Boddupalli, Sekhar S. 

Calgene LLC, USA 

U.S. , 57 pp. 

CODEN: USXXAM 

Patent 

English 

1 



PATENT NO. 



KIND DATE 



APPLICATION NO. 



DATE 



US 6653530 
PRIORITY APPLN. 
AB 



Bl 



20031125 



US 1998-23587 19980213 
INFO. : US 1998-23587 19980213 

Methods are provided for producing plants and seeds having altered 
carotenoid, fatty acid and tocopherol compns. The methods find particular 
use in increasing the carotenoid and tocopherol levels in oilseed plants, 
and in providing desirable high oleic acid seed oils. Specifically, 
chimeric genes encoding E. uredovora phytoene synthase (crtB) , or phytoene 
desaturase (crtI) , or GGPP synthase (crtE) in fusion with plastid transit 
peptide of pea Rubisco small subunit (rbcS) under the control of 
seed-preferred napin gene promoter, and napin or nos termination region, 
are constructed to make transgenic Brassica napus . Binary constructs 
expressing both crtB and crtI genes, crtB and antisense epsilon cyclase or 
beta cyclase genes are also used to transform Brassica napus. Also 
demonstrated are increased carotenoid production, particularly increased ratio 
of a- carotene and p- carotene to phytoene, and increased levels 
of oleic acid and decreased levels of linoleic and/or linolenic acid in 
seeds of transgenic plants. 



REFERENCE COUNT: 



104 THERE ARE 104 CITED REFERENCES AVAILABLE FOR 

THIS RECORD. ALL CITATIONS AVAILABLE IN THE RE 
FORMAT 
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AUTHOR : 



CORPORATE SOURCE: 



SOURCE 



COUNTRY : 
DOCUMENT TYPE: 

FILE SEGMENT: 
LANGUAGE : 
SUMMARY LANGUAGE: 
AB 



2003291923 EMBASE 

Metabolic engineering of the carotenoid biosynthetic 
pathway in the yeast Xanthophyllomyces dendrorhous (Phaf f ia 
rhodozyma) . 

Verdoes J.C.; Sandmann G.; Visser H.; Diaz M. ; Van Mossel 
M.; Van Ooyen A.J.J. 

H. Visser, Laboratory of Microbiology, Dept. of 
Agrotechnology/Food Sci., Wageningen University, 
Dreijenlaan 2, 6703 HA Wageningen, Netherlands, 
hans . visser®wur .nl 

Applied and Environmental Microbiology, (1 Jul 2003) 69/7 
(3728-3738). 
Refs: 36 

ISSN: 0099-2240 CODEN: AEMIDF 
United States 
Journal; Article 
0 04 Microbiology 
English 
English 

The crtYB locus was used as an integrative platform for the construction 
of specific carotenoid biosynthetic mutants in the astaxanthin 
-producing yeast Xanthophyllomyces dendrorhous. The crtYB gene of X. 
dendrorhous, encoding a chimeric carotenoid biosynthetic enzyme, could be 
inactivated by both single and double crossover events, resulting in 
non-carotenoid-producing transf ormants . In addition, the crtYB gene, 
linked to either its homologous or a glyceraldehyde- 3 -phosphate 
dehydrogenase promoter, was overexpressed in the wild type and a 
p-carotene-accumulating mutant of X. dendrorhous. In several 
transf ormants containing multiple copies of the crtYB gene, the total 
carotenoid content was higher than in the control strain. This increase 
was mainly due to an increase of the p-carotene and echinone content, 
whereas the total content of astaxanthin was unaffected or even 
lower. Overexpression of the phytoene synthase -encoding gene (crti) had a 
large impact on the ratio between mono- and bicyclic carotenoids . 
Furthermore, we showed that in metabolic engineered X. dendrorhous 
strains, the competition between the enzymes phytoene desaturase and 
lycopene cyclase for lycopene governs the metabolic flux either via 
p-carotene to astaxanthin or via 3 , 4-didehydrolycopene to 
3-hydroxy-3 ' -4 ' -didehydro-p-caroten-4-one (HDCO) . The monocylic 
carotenoid torulene and HDCO, normally produced as minority carotenoids, 
were the main carotenoids produced in these strains . 
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17 EMBASE COPYRIGHT 2004 ELSEVIER INC. ALL RIGHTS RESERVED. 
2003499152 EMBASE 

Metabolic engineering of the astaxanthin 

-biosynthetic pathway of Xanthophyllomyces dendrorhous. 

Visser H. ; Van Ooyen A. J. J. ; Verdoes J.C. 

H. Visser, Section of Fungal Genomics, Wageningen 

University, Dreijenlaan 2, 6703 HA Wageningen, Netherlands. 

hans .visser@wur.nl 

FEMS Yeast Research, (2003) 4/3 (221-231) . 
Refs: 66 

ISSN: 1567-1356 CODEN: FYREAG 
Netherlands 

Journal; (Short Survey) 
004 Microbiology 
English 



SUMMARY LANGUAGE: English 

AB This review describes the different approaches that have been used to 
manipulate and improve carotenoid production in Xanthophyllomyces 
dendrorhous. The red yeast X. dendrorhous (formerly known as Phaffia 
rhodozyma) is one of the microbiological production systems for natural 
astaxanthin. Astaxanthin is applied in food and feed 
industry and can be used as a nutraceutical because of its strong 
antioxidant properties. However, the production levels of 
astaxanthin in wild- type isolates are rather low. To increase the 
astaxanthin content in X. dendrorhous, cultivation protocols have 
been optimized and astaxanthin-hyperproducing mutants have been 
obtained by screening of classically mutagenized X. dendrorhous strains. 
The knowledge about the regulation of carotenogenesis in X. dendrorhous is 
still limited in comparison to that in other carotenogenic fungi. The X. 
dendrorhous carotenogenic genes have been cloned and a X. dendrorhous 
transformation system has been developed. These tools allowed the directed 
genetic modification of the astaxanthin pathway in X. 

dendrorhous. The crtYB gene, encoding the bifunctional enzyme phytoene 
synthase/ lycopene cyclase, was inactivated by insertion of a vector by 
single and double cross-over events, indicating that it is possible to 
generate specific carotenoid-biosynthetic mutants. Additionally, 
overexpression of crtYB resulted in the accumulation of p-carotene 
and echinone, which indicates that the oxygenation reactions are 
rate-limiting in these recombinant strains. Furthermore, overexpression of 
the phytoene desaturase-encoding gene (crti) showed an increase in 
monocyclic carotenoids such as torulene and HDCO (3 -hydroxy-3 ' , 4 ' - 
didehydro-p, -v|/- carotene -4 -one) and a decrease in bicyclic 
carotenoids such as echinone, p-carotene and astaxanthin. 
.COPYRGT. 2003 Federation of European Microbiological Societies. Published 
by Elsevier B.V. All rights reserved. 
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AB DERWENT ABSTRACT: 

NOVELTY - Producing (M) a carotenoid compound, comprising providing a 
transformed CI metabolizing host cell, comprising suitable levels of 
isopentenyl pyrophosphate and a nucleic acid molecule encoding an enzyme 
in the carotenoid biosynthetic pathway, under the control of regulatory 
sequences, and contacting the host cell with CI carbon substrate to 
produce a carotenoid compound, is new. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for 
over-production (Ml) of a carotenoid in a transformed CI metabolizing 
host cell, comprising suitable levels of isopentenyl pyrophosphate and a 
nucleic acid molecule encoding an enzyme in the carotenoid biosynthetic 
pathway, under the control of regulatory sequences, and contacting the 
host cell with CI carbon substrate to produce a carotenoid compound. 

BIOTECHNOLOGY - Preferred Method: In (M) the CI carbon substrate is 
methane, methanol, formaldehyde, formic acid, methylated amines. 



methylated thiols or carbon dioxide. The CI metabolizing host cell is a 
methylotroph or methanotroph chosen from Methylomonas , Methylobacter, 
Methylococcus, Methylosinus , Methylocyctis , Methylomicrobium, 
Methanomonas , Methylophilus , Methylobacillus , Methylobacterium, 
Hyphomicrobium, Xanthobacter , Bacillus, Paracoccus, Nocardia, 
Arthrobacter, Rhodopseudomonas , Pseudomonas, Candida, Hansenula, Pichia, 
Torulopsis and Rhodotorula. The methanotroph is a high growth 
methanotropic strain which comprises a functional Embden-Meyerhof carbon 
pathway, comprising a gene encoding a pyrophosphate dependent 
phosphof ructokinase (PFK) enzyme. The gene encoding PFK is an isolated 
nucleic acid molecule encoding a sequence (SI) of 437 amino acids defined 
in the specification, its hybridizable sequence, a nucleic acid molecule 
comprising a nucleotide sequence encoding a polypeptide of 437 amino 
acids that has 63% identity based on the Smith-Waterman method of 
alignment when compared to a polypeptide having (SI) , or complement of 
the above nucleic acids . The high growth methanotrophic bacterial strain 
optionally contains a gene encoding a fructose bisphosphate aldolase 
enzyme, and functional Entner-Douderof f carbon pathway, or a gene 
encoding a keto-deoxy phosphogluconate aldolase. The isolated nucleic 
acid molecule encodes a carotenoid biosynthetic enzyme such as 
geranylgeranyl pyrophosphate (GGPP) synthase, phytoene synthase, phytoene 
desaturase, lycopene cyclase, beta-carotene hydroxylase, zeaxanthin 
glucosyl transferase, beta-carotene ketolase, beta-carotene C-4 
oxygenase, beta-carotene desaturase, spheroidene monooxygenase, carotene 
hydratase, carotenoid 3 , 4 -desaturase , 1-OH-carotenoid methylase, farnesyl 
diphosphate synthetase, and diapophytoene dehydrogenase (whose 
sequences and Genbank Accession numbers are given in the specification) . 
The nucleic acid molecule encoding GGPP synthase has a fully defined 
sequence of 303 amino acids and is chosen from Genbank Acc . such as 
AB000835, AB016043, AB019036, AB027705, AB027706, AB016044, AB034249, 
AB034250, AF020041, AF049658, AF049659, AF139916, AF279807, AF279808, 
AJ010302, AJ133724, AJ276129, D85029, L25813, L37405, U15778, U44876, 
X92893, X95596, X98795 and Y15112. Phytoene synthase comprises a sequence 
of 2 96 amino acids and is chosen from Genbank Acc AB0012 84, AB032797, 
AB034704, .AB037975, AF009954, AF139916, AF152892, AF218415, AF220218, 
AJ010302, AJ133724, AJ278287, AJ304825, AJ308385, D58420, L23424, L25812, 
L37405, M38424, M87280, S71770, U32636, U62808, U87626, U91900, X52291, 
X60441, X63873, X68017, X69172 and X78814. Phytoene desaturase has a 
sequence of 492 amino acids and is chosen from Genbank Acc AB046992, 
AF039585, AF049356, AF139916, AF218415, AF251014, AF364515, D58420, 
D83514, L16237, L37405, M64704, M88683, S71770, U37285, U46919, U62808, 
X55289, X59948, X62574, X68058, X71023, X78271, X78434, X78815, X86783, 
Y14807, Y15007, Y15112, Y15114 and Z11165. Lycopene cyclase has a 
sequence of 382 amino acids defined in the specification and is chosen 
from Genbank Acc AF139916, AF152246, AF218415, AF272737, AJ13374, 
AJ250827, AJ276965, D58420, D83513, L40176, M87280, U50738, U50739, 
U62808, X74599, X81787, X86221, X95596 and X98796. beta-carotene 
hydroxylase has a sequence of 175 amino acids and is chosen from Genbank 
Acc D58420, D58422, D90087, M87280, U62808 and Y15112 . Zeaxanthin 
glucosyl transferase has a sequence of 431 amino acids and is chosen from 
Genbank Acc D90087, M872 80, and M90698. beta-carotene ketolase comprises 
a sequence of 532 amino acids and is chosen from Genbank Acc AF218415, 
D45881, D58420, D58422, X86782 and Y15112. In (M) and (Ml) suitable 
levels of isopentenyl pyrophosphate are provided by the expression of 
heterologous upper pathway isoprenoid pathway genes such as 
D-l-deoxyxylulose- 5 -phosphate synthase (Dxs) , D-l-deoxyxylulose-5- 
phosphate reductoisomerase (Dxr) , 2C-methyl-d-erythritol 
cytidylyl transferase (IspD) , 4-diphosphocytidyl-2-C-methylerythritol 
kinase (IspE) , 2C-methyl-d-erythritol 2 , 4 -cyclodiphosphate synthase 
(IspF) , CTP synthase (PyrG) , lytB and GcpE. The gene encoding Dxs, Dxr, 
IspD, IspE, IspF, PyrG or lytB encodes a polypeptide of a sequence of 
620, 394, 231, 285, 157, 544 or 318 amino acids, respectively defined in 
the specification. 

USE - The method is useful for producing carotenoid compounds such 



as antheraxanthin, adonixanthin, astaxanthin, canthaxanthin, 
capsorubrin, beta-cryptoxanthin, alpha -carotene, beta-carotene, 
epsilon-carotene, echinenone, gamma -carotene, zeta-carotene, 
alpha -cryptoxanthin, diatoxanthin, 7 , 8-didehydroastaxanthin, fucoxanthin, 
f ucoxanthinol , isorenieratene , lactucaxanthin, lutein, lycopene, 
neoxanthin, neurosporene , hydroxyneurosporene , peridinin, phytoene, 
rhodopin, rhodopin glucoside, siphonaxanthin, spheroidene, spheroidenone , 
spirilloxanthin, uriolide, uriolide acetate, violaxanthin, 
zeaxanthin-beta-diglucoside and zeaxanthin (claimed) . The carotenoids 
have potent anti -oxidant properties useful in diet, and aquaculture 
elements. The carotenoids are also useful as intermediates in the 
synthesis of steroids, flavors and fragrances and compounds for potential 
electro-optic applications. 

EXAMPLE - The crt gene cluster comprising the crtEXYIBZ genes (crtE 
encoding geranylgeranyl pyrophosphate, crtX encoding zeaxanthin 
glycosyltransf erase , crtY encoding lycopene cyclase, crtL encoding 
phytoene desaturase, crtB encoding phytoene synthase, crtZ encoding 
beta -carotene hydroxylase) from Pantoea stewartii was introduced into 
Methylomonas 16a to enable the synthesis of desirable 40 -carbon 
carotenoids. Primers were designed using the sequence from Erwinia 
uredovora to amplify a fragment by polymerase chain reaction containing 
the crt genes. These sequences included (I) and (II) and are denoted 
5 '-3'. For introduction into Methylomonas 16a, the crt gene cluster from 
pCR4-crt was first subcloned into the unique EcoRI site within the 
chloramphenicol-resistance gene of the broad host range vector, pBHRl . 
pBHRl was linearized by digestion with EcoRI. pCR4-crt was digested with 
EcoRI and the 6.3 kb EcoRI fragment containing the crt gene cluster 

(crtEXYIB) was purified. This DNA fragment was ligated to EcoRI-digested 
pBHRI and the ligated DNA was used to transform Escherichia coli DHSalpha 
by electroporation. Transf ormants were selected on Luria Bertani (LB) 
medium containing 50 microg/ml kanamycin. Several isolates were found to 
be sensitive to chloramphenicol and demonstrated a yellow colony 
phenotype after overnight incubation at 37degreesC. Analysis of the 
plasmid DNA from these transf ormants confirmed the presence of the crt 
gene cluster cloned in the same orientation as the pBHRl 
chloramphenicol-resistance gene and this plasmid was designated pCrtl. 
Plasmid pCrtl was transferred into Methylomonas 16a by tri -parental 
conjugate mating. E.coli helper strain containing pRK2013 and the E.coli 
DH5 alpha donor strain containing pCrtl were grown overnight in LB medium 
containing kanamycin. The Methylomonas 16a recipient was grown for 48 
hours in Nitrate liquid BTZ-3 medium containing 25% volume/volume 
methane. The donor, helper, and recipient cell pastes were combined on 
the surface of BTZ-3 agar plates containing 0.5% weight/volume yeast 
extract in ratios of 1:1:2 respectively. Plates were maintained at 
30degreesC in 25% methane for 16-72 hours to allow conjugation to occur, 
after which the cell pastes were collected and resuspended in BTZ-3. For 
analysis of carotenoid composition, transconjugants were cultured in 25 
ml BTZ-3 containing kanamycin (50 microg/ml) and incubated at 30degreesC 
in 25% methane as the sole carbon source. After thawing, the pellets were 
extracted and carotenoid content was analyzed by high performance liquid 
chromatography (HPLC) . HPLC analysis of extracts from Methylomonas 16a 
containing pCrtl confirmed the synthesis of beta-carotene, A single peak 
was present at 15.867 minutes, indicative of beta-carotene in the 
cultures. ATGACGGTCTGCGCAAAAAAACACG (I) GAGAAATTATGTTGTGGATTTGGAATGC 

(II) (156 pages) 
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AB Genes of Paracoccus encoding enzymes of the mevalonate pathway of 
carotenoid biosynthesis, i.e. for HMG CoA reductase, isopentenyl 
diphosphate isomerase, hydroxymethylglutaryl-CoA synthase, mevalonate 
kinase, phosphomevalonate kinase, or diphosphomevalonate decarboxylase; 
are cloned and characterized for use in the construction of strains for 
the fermentation of isoprenoid compds . such as carotenoids like phytoene, 
lycopene, p-carotene, zeaxanthin, canthaxanthin, astaxanthin 
, adonixanthin, cryptoxanthin, echinenone and adonirubin. Expression 
vectors, cultured cells, and methods of making isoprenoid compds. are also 
provided. The strains of Paracoccus of interest have recently been 
reclassified from Flavobacterium on the basis of mol . and metabolic 
markers. Genes of the mevalonate biosynthetic cluster were cloned by PGR. 
Primers derived from highly conserved regions of known genes were used to 
obtain a fragment of the cluster that was used to identify flanking 
regions . 
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AB The protein and DNA sequences of three kinds of chimeric genes of 

crtWcrtY, crtlcrtZ, and crtBcrtE of Paracoccus marcusii, which may induce 
the biosynthesis of astaxanthin, are presented. The gene crtE 
encodes geranylgeranyl pyrophosphate synthetase; gene crtB 
encodes phytoene synthetase; gene crti encodes phytoene 

desaturase; gene crtZ encodes beta-carotene hydroxylase; gene crtY encodes 
lycopene beta-cyclase; and gene crtW encodes a-carotene ketolase. 
The invention also provides methods, vectors, restriction enzymes for 
construction of the three chimeric genes. The expression system may be 
used to improve plant quality and produce astaxanthin in plant. 



L6 ANSWER 13 OF 17 HCAPLUS COPYRIGHT 2004 ACS on STN 



ACCESSION NUMBER: 
DOCUMENT NUMBER: 
TITLE : 

INVENTOR (S) : 
PATENT ASSIGNEE (S) : 
SOURCE : 

DOCUMENT TYPE: 
LANGUAGE : 

FAMILY ACC. NUM. COUNT: 
PATENT INFORMATION: 



1999:722785 HCAPLUS 
131:334139 

DNA sequences encoding enzymes involved in production 
of isoprenoids in Phaffia rhodozyma 

Hoshino, Tatsuo; Ojima, Kazuyuki; Setoguchi, Yutaka 

F. Hoffmann-La Roche A.-G., Switz. 

Eur. Pat. Appl., 58 pp. 

CODEN: EPXXDW 

Patent 

English 

1 



PATENT NO. KIND DATE APPLICATION NO. DATE 



EP 


955363 




A2 


19991110 


EP 


1999- 


107413 


19990426 


EP 


955363 




A3 


20040128 












R: AT, BE, 


CH, 


DE, 


DK, ES, FR, 


GB, GR, IT, 


LI, LU, 


NL, SE, MC, PT 




IE, SI, 


LT, 


LV, 


FI, RO 










CA 


2270711 




AA 


19991106 


CA 


1999- 


2270711 


19990504 


NO 


9902165 




A 


19991108 


NO 


1999- 


2165 


19990504 


MX 


9904154 




A 


20000731 


MX 


1999- 


4154 


19990504 


AU 


9926962 




Al 


19991118 


AU 


1999- 


26962 


19990505 


AU 


762939 




B2 


20030710 










BR 


9901403 




A 


20001017 


BR 


1999- 


1403 


19990505 


CN 


1234445 




A 


19991110 


CN 


1999- 


106367 


19990506 


JP 


2000050884 




A2 


20000222 


JP 


1999- 


126015 


19990506 


US 


6284506 




Bl 


20010904 


US 


1999- 


306595 


19990506 


US 


2003054523 




Al 


20030320 


US 


2001- 


925388 


20010809 


US 


6586202 




B2 


20030701 










US 


2003190734 




Al 


20031009 


US 


2003- 


431846 


20030508 


PRIORITY APPLN. INFO, 








EP 


1998- 


108210 


A 19980506 












US 


1999- 


306595 


A3 19990506 












US 


2001- 


925388 


A3 20010809 



AB The present invention is directed to an isolated DNA sequence coding for 
an enzyme involved in the mevalonate pathway or the pathway from 
isopentenyl pyrophosphate to farnesyl pyrophosphate, vector of plasmids 
comprising such DNA, hosts transformed by either such DNAs or vectors or 
plasmids, and a process for the production of isoprenoids and carotenoids by 
using such transformed cell, lines. Thus, the genes encoding 
3-hydroxy-3-methylglutaryl-CoA synthetase (hmc) , 

3-hydroxy-3-methylglutaryl-CoA reductase (hmg) , mevalonate kinase (mvk) , 
mevalonate pyrophosphate decarboxylase (mpd) , and farnesyl pyrophosphate 
synthetase (fps) are isolated from Phaffia rhodozyma ATCC 96594 
and their sequences provided. These enzymes can be used for the synthesis 
of isoprenoids or carotenoids, such as astaxanthin. 
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Last Updated on STN: 17 Jun 1999 
The addition of 2.5 mM glufosinate ammonium (BASTA), a well known plant 
killer, to Haematococcus pluvialis culture efficiently inhibits cell 
growth, blocks the activity of glutamine synthetase (GS) and 
induces astaxanthin accumulation. Conversely, 

methionine~S-sulf oximine (MSX) , a well known GS inhibitor, had no effect 
on neither these parameters. When GS activity was tested in vitro, MSX 
inhibited the activity at high concentrations (mM) , while glufosinate was 
effective in the muM range. We have found that in the presence of 
glufosinate, ammonia is excreted from the cells. Therefore, we suggest 
that this process enables Haematococcus cells to escape the potentially 
harmful effect of glufosinate. As a consequence of the inability to 
assimilate nitrogen, astaxanthin is accumulated. This situation 
resembles the response of Haematococcus cells to nitrogen starvation. 
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Methods of altering the carotenoid content and fatty acid profile of seeds 
by altering the levels of expression of genes for enzymes of carotenoid 
biosynthesis. Increasing the diversion of acetate to carotenoid 
biosynthesis increases the anti-oxidant content of the oil, lowers the 
level of oxidation-prone unsatd. fatty acids such as linoleate or linolenate, 
and increases the oleic acid content of the oil. Preferably, the enzyme 
is one of the earlier enzymes in the carotenoid pathway. The crtB gene of 
Erwinia uredovora, encoding phytoene synthase, was placed under control of 
a napin gene promoter using the signal sequence of the RuBisco small 
subunit gene and the construct introduced into Brassica napus by 
Agrobacterium-mediated t rans format ion . T2 plants showed Mendelian 
segregation of an orange phenotype. Seed from these plants showed 
increased levels of carotenoids and tocopherols, with several carotenoids 
not detectable in control seeds being found in transgenic seed. The fatty 
acid composition of the seeds showed an increase in oleic acid content at the 
expense of linoleic and linolenic acid levels. Transgenic seeds showed 
slower germination than control seeds, but the germination rate was not 
affected. 
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AB Disclosed is a method for industrial-scale production of carotenoids by 
expression of the Flavobacterium strain R1534- or gram-neg. bacteria 
strain E-396-derived genes that are associated with the carotenoids- 



biosynthesis in a transgenic host such as Escherichia coli or Bacillus 
subtilis. The genes involved are crtE (for geranylgeranyl pyrophosphate 
synthetase) , crtB (phytoene synthetase) , crti (phytoene 

desaturase) , crtY (lycopene cyclase) , all from Flavobacterium strain 
R1534, and crtZE396 (p-carotene oxygenase) from gram-neg. bacteria 
strain E-3 96. Gene crtW encoding p-carotene p4 -oxygenase of 

Alcaligenes strain PC-1 may also be used to improve the carotenoids production 
Methods for fermentation production of cantaxanthin, astcixanthin, 
adonixanthin^ and zeaxanthin are claimed. Methods using genes crtEE396, 
crtBE396, crtIE396, crtYE396, crtZE396, and crtWE396, all from gram-neg. 
bacteria strain E-396, also claimed. Use of carotenoids as food or feed 
additives is also claimed. 
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SUMMARY LANGUAGE: English 

AB Like other carotenoid-producing organisms, Phaffia rhodozyma,. a red 
astaxanthin-producing yeast, is supposed to synthesize carotenoids 
by the following steps: formation of phytoene from geranylgeranyl 
pyrophosphate, dehydrogenation of phytoene to lycopene, cyclization of 
lycopene to p-carotene and oxidation of the latter to 
astaxanthin. Mutagenic treatments generated in P. rhodozyma a wide 
diversity of colour variants ranging from white to dark red. The 
identification of the corresponding carotenoid compounds revealed the 
occurrence of p-carotene -accumulating strains, phytoene -accumulating 
strains, and strains lacking any carotenoid compound. These classes of 
strains are likely to result from alterations in, respectively, the 
oxidation of p-carotene, phytoene dehydrogenation and the phytoene 
synthetase step. Except for the cyclization of lycopene to 
p-carotene, all the steps of carotenogenesis in P. rhodozyma are 
represented by the above mutants. Furthermore, astaxanthin 
-overproducing mutants were also selected; they are likely to be affected 
in some upstream step, and certainly before p-carotene, as after an 
additional mutagenesis they generated oxidaseless strains that, in this 
case, overproduce p-carotene. The latter strains appear very 
promising for biotechnological production of natural p-carotene. 
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pigment production via plasmid expression in host cell for 
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PRIORITY INFO: EP 2002-21599 27 Sep 2002; EP 2002-21599 27 Sep 2002 

DOCUMENT TYPE : Patent " 

LANGUAGE : Engl i sh 

OTHER SOURCE: WPI : 2004-329893 [30] 

AB DERWENT ABSTRACT: 

NOVELTY - Producing zeaxanthin and beta-cryptoxanthin involves 
cultivating a recombinant microorganism which is expressing beta-carotene 
hydroxylase gene and is of the genus Xanthophyllomyces (Phaffia) (I) in 
an aqueous nutrient medium under aerobic conditions, and isolating the 
resulting carotenoids from the cells of the recombinant microorganism or 
from the cultured broth. 

BIOTECHNOLOGY - Preferred Method: The beta-carotene hydroxylase gene 
is derived from a microorganism chosen from Agrobacterium, Alcaligenes, 
Paracoccus, Flavobacterium, Erwinia having the beta-carotene hydroxylase 
gene. Preferably, the beta-carotene hydroxylase gene is derived from 
Agrobacterium aurantiacum, Alcaligenes PC-1, Paracoccus marcusii MHl, a 
gram-negative bacteria E-3 96 (FERM BP-4283) , Flavobacterium sp. R1534 WT 
(ATCC21588) and Erwinia uredovora (ATCC19321) having the beta-carotene 
hydroxylase gene. More preferably, the beta-carotene hydroxylase gene is 
derived from Flavobacterium sp. R1534 WT (ATCC21588) or has the DNA 
sequence substantially homologous to the above mentioned gene. The 
beta-carotene hydroxylase gene is expressed in the recombinant 
microorganism using the control sequences . The cultivation is carried out 
at a pH of 4-8 and at a temperature of 15-26degreesC for 24-500 hours. 
Preferably, the cultivation is carried out at a pH of 5-7 and at a 
temperature of 18 -22degreesC for 48-350 hours. 

USE - The method is useful for producing the carotenoids zeaxanthin 
and beta-cryptoxanthin (claimed) . The carotenoids are useful in the 
preparation of food or feed. 

ADVANTAGE - The method enables production of the useful xanthophyll 
carotenoids other than astaxanthin such as zeaxanthin and 
beta-cryptoxanthin as a major xanthophyll carotenoid in the recombinant 
microorganism belonging to the Phaffia. 

EXAMPLE - Beta-carotene hydroxylase gene (crtZ) was cloned from 
genomic DNA of Flavobacterium sp. ATCC21588. The DNA clones was named as 
pTOPO-PZ23N. A 522 bp Smal/BamHI fragment cut out from pTOPO-PZ23N was 
used as a crtZ gene cassette of Flavobacterium sp.. A G418 resistant 



cassette was prepared as follows. A Sad linker was ligated into the 
unique Hindlll site of the vector, pUC-G418 (US patent 6365386 Bl) , which 
was harboring the G418 cassette, and the resulting vector was named as 
pG418Sa512. A 1 . 7 kb KpnI/SacI fragment cut out from pG418Sa512 was used 
as the G418 resistant gene cassette. Genomic DNA of Phaffia 
rhodozyma ATCC 965 94 was obtained, and using the prepared genomic 
DNA as a template, PGR was performed. The synthetic primers used to 
amplify the promoter sequence of Glyceraldehydes- 3 -phosphate 
dehydrogenase (GAP) were GAPl gcggccgctggtgggtgcatgtatgtac and GAPS 
cccggggatggtaagagtgttagaga. By this reaction, DNA fragment containing the 
GAP promoter (398 bp) was amplified. The amplified GAP promoter was 
ligated with a pCR2.1-T0P0 vector and introduced into Escherichia coli 
TOPIO cells. Several clones were selected for sequence analysis. The 
sequence of the cloned GAP promoter of each candidate clone was examined. 
One of the DNA clones that showed completely the same sequence of the as 
the GAP promoter of P. rhodozyma (GenBank accession number Y08366 and 
named as pT0P0-pGAP21 . A 398 bp Notl/Smal fragment cut out from 
pT0P0-pGAP21 was used as the GAP promoter cassette. The two synthetic 
primers used to amplify the terminator sequence of GAP were: GAP33 
ggatccgtcgactaaacggttctctccaaaccc and GAP4 ggtaccttgatcagataaagatagagat . 
By this reaction, DNA fragment containing the GAP terminator (302 bp) was 
amplified. This amplified GAP terminator was ligated with a pCR2.1-T0P0 
vector and introduced into Escherichia coli TOPIO cells. Several clones 
were selected for sequence analysis. The sequence of the cloned GAP 
terminator of each candidate clone was examined. One of the DNA clones 
that showed completely the same sequence as the GAP terminator of 
P. rhodozyma (GenBank accession Number Y08366) was named as pTOPO-tGAPl. A 
302 bp BamHi/Kpnl fragment which was cut out from pTOPO-tGAPl was used as 
the GAP terminator cassette. The two synthetic primers used to amplify 
the rDNA fragment were: Rl gagctctcgagtggacggtg and R2 

gcggccgcgagctcatcccgcttcactc. By this reaction, DNA fragment containing 
the rDNA (3126 bp) was amplified. This amplified rDNA was ligated with a 
pCR2.1-T0P0 vector and introduced into E.coli TOP 10 cells. Several 
clones were selected for sequence analysis. The sequence of the cloned 
the rDNA of each candidate clone was examined. One of the DNA- clones that 
showed completely the same sequence as the rDNA of P. rhodozyma (GenBank 
accession Number D31656, AF139632) was named as pTOPO-rDNAl. A 1960 bp 
SacII/NotI fragment cut out from pTOPO-rDNAl was used- as the rDNA 
cassette. To construct the expression vector carrying the crtZ of 
Flavobacterium sp., the rDNA cassette and the GAP promoter cassette, the 
crtZ gene cassette of Flavobacterium sp. and the BamHI/Kpnl fragment of 
the GAP terminator cassette and the G418 resistant gene cassette were 
aligned by ligation in this order using a pGEM-T as a backbone. The 
resulting expression vector was named as pRPZG~ptGAP2 . pRPZG-ptGAP2 
carrying the crtZ gene of Flavobacterium sp. was introduced into 
P. rhodozyma ATCC 96815, a mutant strain producing beta-carotene 
predominantly by using the particle-gun method. YPD-agar medium 
containing 0.75 M D-sorbitol and D-mannitol, and 0.1 mg/ml of geneticin 
was used for direct selection of the recombinant strains. As a result, 
hundreds of transf ormants which were resistant to 0 . 1 mg/ml geneticin 
were obtained by pRPZG-ptGAP2 , and 35 transf ormants were selected 
randomly for further characterization. The crtZ- recombinant strains of 
P. rhodozyma ATCC 96815 thus obtained were cultivated in 50 ml production 
medium in 50 0 ml Erlenmeyer flask with shaking at 2 0degreesC for 7 days 
after inoculation of seed culture prepared in 7 ml seed medium in test 
tube (21 mm in diameter) with shaking at 2 0degreesC for 3 days. 
Appropriate volume of the culture broth was withdrawn and used for 
analysis of the cell growth and the productivity of carotenoids . As a 
result, it was found that all recombinant strains (35 each transf ormants 
for crtZ-expression vector, pRPZG-ptGAP2) produced zeaxanthin and 
beta-cryptoxanthin without accumulation of astaxanthin. (21 pages) 
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TITLE: Producing canthaxanthin and echinenone involves cultivating 
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LANGUAGE: English 
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AB DERWENT ABSTRACT: 

NOVELTY - Producing canthaxanthin and echinenone comprising cultivating a 
recombinant microorganism which is expressing beta-carotene ketolase gene 
and is of the genus Xanthophyllomyces (Phaffia) (I) in an aqueous 
nutrient medium under aerobic conditions, and isolating the resulting 
carotenoids from the cells of the recombinant microorganism or from the 
cultured broth, is new. 

BIOTECHNOLOGY - Preferred Method: The beta-carotene ketolase gene is 
derived from a microorganism chosen from Agrobacterium, Alcaligenes, 
Paracoccus, Haematococcus having the beta-carotene ketolase gene. 
Preferably, the beta-carotene ketolase gene is derived from Agrobacterium 
aurantiacum, Alcaligenes PC-1, Paracoccus marcusii MHl, a gram-negative 
bacteria E-396 (FERM BP-4283) , and Haematococcus pluvailis having the 
beta-carotene ketolase gene. More preferably, the beta-carotene ketolase 
gene is derived from Alcaligenes PC-1 or has the DNA sequence 
substantially homologous to the above mentioned gene. The beta-carotene 
ketolase gene is expressed in the recombinant microorganism using the 
control sequences. The cultivation is carried out at a pH of 4-8 and at a 
temperature of 15-26 degrees Centigrade for 24-500 hours. Preferably, the 
cultivation is carried out at a pH of 5-7 and at a temperature of 18-22 
degrees Centigrade for 4 8-350 hours. 

USE - The method is useful for producing the carotenoids 
canthaxanthin and echinenone (claimed) . The carotenoids are useful in the 
preparation of food or feed. 

ADVANTAGE - The method enables production of the useful xanthophyll 
carotenoids other than astaxanthin such as canthaxanthin and echinenone 
as a major xanthophyll carotenoid in the recombinant microorganism 
belonging to the Phaffia. 

EXAMPLE - A G418 resistant cassette was prepared as follows. A Sad 
linker was ligated into the unique Hindlll site of the vector, pUC-G418 
(US patent 6365386 Bl) , which was harboring the G418 cassette, and the 
resulting vector was named as pG418Sa512. A 1.7 kb Kpni/SacI fragment cut 
out from pG418Sa512 was used as the G418 resistant gene cassette. Genomic 
DNA of Phaffia rhodozyma ATCC 96594 was obtained, and 
using the prepared genomic DNA as a template, PCR was performed. The 
synthetic primers used to amplify the promoter sequence of 
Glyceraldehydes -3 -phosphate dehydrogenase (GAP) were GAPl 

gcggccgctggtgggtgcatgtatgtac and GAP5 cccggggatggtaagagtgttagaga . By this 
reaction, DNA fragment containing the GAP promoter (3 98 bp) was 
amplified. The amplified GAP promoter was ligated with a pCR2.1-T0P0 
vector and introduced into Escherichia coli TOPIO cells. Several clones 
were selected for sequence analysis. The sequence of the cloned GAP 
promoter of each candidate clone was examined. One of the DNA clones that 
showed completely the same sequence of the as the GAP promoter of 
P. rhodozyma (GenBank accession number Y08366 and named as pT0P0-pGAP21 . A 
398 bp Notl/Smal fragment cut out from pT0P0-pGAP21 was used as the 
promoter cassette. The two synthetic primers used to amplify the 
terminator sequence of GAP were: GAP33 ggatccgtcgactaaacggttctctccaaaccc 
and GAP4 ggtaccttgatcagataaagatagagat . By this reaction, DNA fragment 
containing the GAP terminator (3 02 bp) was amplified. This amplified GAP 



terminator was ligated with a pCR2.1-T0P0 vector and introduced into 
Escherichia coli TOPIO cells. Several clones were selected for sequence 
analysis. The sequence of the cloned GAP terminator of each candidate 
clone was examined. One of the DNA clones that showed completely the same 
sequence as the GAP terminator of P.rhodozyma (GenBank accession Number 
Y08366) was named as pTOPO-tGAPl. A 302 bp BamHi/Kpnl fragment which was 
cut out from pTOPO-tGAPl was used as the GAP terminator cassette. The two 
synthetic primers used to amplify the rDNA fragment were: Rl 
gagctctcgagtggacggtg and R2 gcggccgcgagctcatcccgcttcactc . By this 
reaction, DNA fragment containing the rDNA (3126 bp) was amplified. This 
amplified rDNA was ligated with a pCR2.1-T0P0 vector and introduced into 
E.coli TOP 10 cells. Several clones were selected for sequence analysis. 
The sequence of the cloned the rDNA of each candidate clone was examined. 
One of the DNA clones that showed completely the same sequence as the 
rDNA of P.rhodozyma (GenBank accession Number D31656, AF13 9632) was named as 
pTOPO-rDNAl. A 1960 bp Sacll/Noti fragment cut out from PTOPO-rDNAl was 
used as the rDNA cassette. PGR based gene synthesis was applied to obtain 
the nucleotide sequence of the artificial crtW gene encoding the 
beta-carotene ketolase of Alcaligenes strain PC-1 by back translating the 
amino acid sequence (GenBank accession Number D58422) . Each of two terminal 
primers were designed to introduce the restriction site of Smal and BamHI 
to the 5 '-end and 3 • -end of the crtW gene, respectively. The expression 
vector carrying the crtW gene was constructed by ligating the rDNA 
cassette and the GAP promoter cassette, the crtW gene constructed as 
described above, and the GAP terminator cassette and the G418 resistant 
gene cassette to be aligned in this order using a pGEM-T as a backbone. 
The resulting expression vector was introduced into P.rhodozyma ATCC 
96815. The crtW-recombinant strains of P.rhodozyma ATCC 96815 thus 
obtained were cultivated in 50 ml production medium in 500 ml Erlenmeyer 
flask with shaking at 2 0 degrees Centigrade for 7 days after inoculation 
of seed culture prepared in 7 ml seed medium in test tube (21 mm in 
diameter) with shaking at 20 degrees Centigrade for 3 days. Appropriate 
volume of the culture broth was withdrawn and used for analysis of the 
cell growth and the productivity of carotenoids . (13 pages) 
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AB DERWENT ABSTRACT: 

NOVELTY - Fermenting astaxanthin comprising feeding a nutrient medium 
containing glucose or sucrose based on the specific growth rate (mu) of 
Phaffia rhodozyma cells in the growing phase and 

feeding the nutrient medium based on the astaxanthin production rate in 
the astaxanthin production phase, is new. The glucose concentration in 
the fermentation broth is 0 g/L during fermentation, 

BIOTECHNOLOGY - Preferred Process: The fermentation is carried out 
at 15 - 24 degrees Centigrade, specific growth rate of 0.01 - 0.1 per 
hour, pH of 4.5 - 7 and dissolved oxygen of 10 - 90%. The fermentation is 
carried out at gassing rates of 0.01 - 2.0 volume of gas/volume of 
medium/minute in the fermentation vessel. Preferred Components: The pH 
control agent is ammonium hydroxide solution and/or sodium hydroxide 



solution. The nutrient medium comprises polymerized form of glucose 
(preferably D-glucose, 10 - 800 g/1) , sucrose (10 - 800 g/1) , other 
polysaccharides, molasses, corn syrup, glycerol, other polyols, or 
carboxylic acids as energy source and yeast extract, meat -extract , 
peptone, casein, corn steep liquor, urea, aminoacid, nitrates or ammonium 
salts as nitrogen sources. The Phaffia rhodozyma is 
Phaffia rhodozyma ATCC96594. 

USE - The method is useful for the production of astaxanthin 
(claimed) useful for adding pigmentation to the flesh, other animal 
products and to other foodstuffs. 

ADVANTAGE - The fermentation period is reduced and astaxanthin is 
produced in high yield. It enhances the cell growth extremely in the 
growth phase, regulates the cell growth and efficiently converts glucose 
to carotenoids in the production phase. 

EXAMPLE - Fed-batch fermentation method for astaxanthin (ASTA) 
production (test) was carried out as follows: The culture (200 ml) 
containing Phaffia rhodozyma ATCC965 94 was 

transferred to fermentor (5 1) containing the nutrient medium (1,75 1). 
The culture was subjected to batch growth at 20 - 22 degrees Centigrade 
until the yeast dry matter content of 1 g/1 was obtained. Then the 
solution of glucose was started and the fermentation was performed at 20 
- 22 degrees Centigrade. The mixture of molasses (20 g/1), diammonium 
sulfate (0.6 g/1), diammonium hydrogenphosphate (0.8 g/1) and magnesium 
sulfate (0.125 g/1) was boiled for 30 minutes with water (1.75 1). The 
medium contained glucose (716 g/1) . The initial working volume and the 
feeding volume were 1.75 1 and 2 1, respectively. The strains were 
propagated in fermentors at pH 5.5 controlled with ammonium hydroxide 
solution (12.5 w/v.%) and sodium hydroxide solution. The temperature was 
controlled at 20 - 22 degrees Centigrade and dissolved oxygen was 
controlled by agitation and airflow between 10 - 90% saturation. The 
typical feeding method was used as control. The results for test/control 
for final ASTA concentration were 86.5/100 respectively. (20 pages) 
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AB DERWENT ABSTRACT: 

NOVELTY - Isolated squalene synthase polynucleotide comprising nucleic 
acid molecules (N) e.g., (N) encoding polypeptide having fully defined 
sequence (SI) of 511 amino acids as given in specification, (N) having 
fully defined sequence (S2) of 153 6 nucleotides as given in 
specification, (N) whose nucleotide sequence is degenerate as result of 
genetic code to above (N) and (N) encoding polypeptide derived by 
deletion and/or addition of above (N) , is new. 

DETAILED DESCRIPTION r An isolated polynucleotide (I) comprising one 
or more, nucleic acid molecules chosen from nucleic acid molecules 
encoding mature form of the polypeptide having a fully defined sequence 
(SI) of 511 amino acids as given in the specification, nucleic acid 
molecules comprising a fully defined sequence (S2) of 1536 nucleotides as 
given in the specification, nucleic acid molecules whose nucleotide 
sequence is degenerate as a result of the genetic code to the above 



mentioned nucleotide molecules, nucleic acid molecules encoding a 
polypeptide derived from the polypeptide encoded by above polynucleotides 
by way of substitution, deletion and/or addition of one or several amino 
acids of the amino acid sequence of the polypeptide encoded by above 
nucleic acid sequence, nucleic acid molecules encoding a polypeptide 
derived from the polypeptide whose sequence has an identity of 51.3% or 
more to the amino acid sequence of the polypeptide encoded by the first 
two nucleic acid molecule, nucleic acid molecules comprising a fragment 
encoded by above nucleic acid molecules and having squalene synthase 
activity, nucleic acid molecules comprising a polynucleotide having a 
sequence of a nucleic acid molecule amplified from Phaffia nucleic acid 
library using the primers having a sequence of (S3 -5) , nucleic acid 
molecules encoding a polypeptide having squalene synthase activity, where 
the polypeptide is a fragment of a polypeptide encoded by above nucleic 
acid molecules, nucleic acid molecules comprising at least 15 nucleotides 
of a polynucleotide of any one of first four nucleic acid molecules, 
nucleic acid molecules encoding a polypeptide having squalene synthase 
activity, where the polypeptide is recognized by antibodies that have 
been raised against a polypeptide encoded by any one of first eight 
nucleic acid molecules, nucleic acid molecules obtainable by screening an 
appropriate library under stringent conditions with a probe having the 
sequence of any one of above nucleic acid molecules and encoding 
polypeptide having squalene synthase activity, and nucleic acid molecules 
whose complementary strand hybridizes under stringent conditions with a 
nucleic acid molecule of any on of above nucleic acid molecule and 
encoding a polypeptide having squalene synthase activity. Optionally, (I) 
further comprises a nucleic acid molecule having a fully defined sequence 
(S6) of 4807 nucleotides as given in the specification. INDEPENDENT 
CLAIMS are also included for: (1) a recombinant vector (II) comprising 

(I) or produced by using (I); (2) a recombinant organism (III) comprising 

(II) ; (3) a polypeptide (IV) obtained by using (III) ; (4) an antibody 
that binds specifically to (IV) ; (5) an antisense polynucleotide (V) 
against (I) ; (6) a recombinant vector (VI) comprising (V) or produced by 
recombinant vector in which (V) is inserted; (7) a recombinant organism 
(VII) comprising (VI) ; and (8) producing carotenoid by culturing a 
microorganism under suitable conditions and optionally, recovering the 
resulting carotenoid, where the microorganism reduces the gene expression 
of squalene synthase, e.g., by techniques chosen from antisense 
technology, site-directed mutagenesis, error prone PGR, or chemical 
mutagenesis . gcnytngayacngtngargaygayatg (S3) atngccatnacytgnggnatngcrca 
(S4) ccnacngtnccngcnacrtartgrcarta (S5) n = a, c, g or t 

BIOTECHNOLOGY - Preferred Polynucleotide: (I) encodes an amino acid 
identical to (SI) or has an identity of 51.3% or more with (SI). (I) is 
derived from a strain of P. rhodozyma or Xanthophylomyces dendrorhous. 
Preferred Vector: In (II) or (VI), (I) or (V) is operatively linked to 
expression control sequences allowing expression in prokaryotic or 
eukaryotic cells. Preferred Organism: (VII) reduces gene expression of 
squalene synthase compared to the host organism, and thus is capable of 
producing carotenoids in an enhanced level relative to a host organism. 
The gene expression of squalene synthase is reduced by techniques chosen 
from antisense technology, site-directed mutagenesis, error prone PGR, or 
chemical mutagenesis. 

USE -. (I) is useful for producing a recombinant vector. (II) is 
useful for producing a recombinant organism which involves introducing 
(II) into a host organism chosen from Escherichia coli, baculovirus, and 
Saccharomyces cerevisiae. (Ill) is useful for producing a polypeptide 
having squalene synthase activity which involves culturing (III) and 
recovering the polypeptide from the culture of (III) . (V) is useful for 
producing a recombinant vector which involves inserting (V) into a 
vector. (VI) is useful for producing a recombinant organism which 
involves introducing (VI) into a host organism. (VII) is useful for 
producing carotenoids chosen from xanthium, beta -carotene, lycopene, 
zeaxanthin and canthaxanthin, which involves culturing (VII) (all 
claimed) . (I) is useful for increasing microbial production of 



carotenoids . 

EXAMPLE - No suitable example given. (55 pages) 
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AB DERWENT ABSTRACT: 

NOVELTY - An isolated polynucleotide (I) comprising a nucleic acid which 
encodes mature form of polypeptide having fully defined Arabidopsis 
thaliana or Glycine max beta-carotene hydroxylase (BHYD) protein sequence 

(51) of 314 amino acids as given in specification, is new. (I) comprises 
coding sequence of fully defined A. thaliana or G.max BHYD gene sequence 

(52) of 971 bp as given in specification. 

DETAILED DESCRIPTION - An isolated polynucleotide comprising a 
nucleic acid molecule one or more chosen from: (a) nucleic acid molecules 
encoding at least the mature form of polypeptide having a sequence of 

(SI) ; (b) nucleic acid molecules comprising the coding sequence of (S2) ; 

(c) nucleic acid molecules whose nucleotide sequence is degenerate as a 
result of the genetic code to a nucleotide sequence of (a) or (b) ; (d) 
nucleic acid molecules encoding a polypeptide derived from the 
polypeptide encoded by a polynucleotide (a) - (c) by way of substitution, 
deletion and/or addition of one or several amino acids of the amino acid 
sequence of the polypeptide encoded by a nucleotide sequence of (a) - (c) ; 

(e) nucleic acid molecules encoding a polypeptide derived from the 
polypeptide whose sequence has an identity of 72.8% or more to the amino 
acid sequence of the polypeptide encoded by a nucleic acid molecule of 

(a) or (b) ; (f ) nucleic acid molecules comprising a fragment encoded by a 
nucleic acid molecule of any one of (a) - (e) and having beta-carotene 
hydroxylase activity; (g) nucleic acid molecules comprising a 
polynucleotide having a sequence of a nucleic acid molecule amplified 
from a Arabidopsis or Glycine nucleic acid library using the primers 
garggnccnttygarhtnaaygay, ccrtcrtgnacraacatrtangc, and 
ccnacytcytcnarytcyttnggncc, where n is a, c, g or t; (h) nucleic acid 
molecules encoding a polypeptide having beta-carotene hydroxylase 
activity, where the polypeptide is a fragment of a polypeptide encoded by 
any one of (a) - (g) ; (i) nucleic acid molecules comprising at least 15 
nucleotides of a polynucleotide of any one of (a) - (h) ; (j) nucleic acid 
molecules encoding a polypeptide having beta-carotene hydroxylase 
activity, where the polypeptide is recognized by antibodies that have 
been raised against a polypeptide encoded by a nucleic acid molecule of 
any of (a) - (h) ; (k) nucleic acid molecules obtainable by screening an 
appropriate library under stringent conditions with a probe having the 
sequence of the nucleic acid molecule of any one of (a)-(j) and having 
beta-carotene hydroxylase activity; (1) nucleic acid molecules whose 
complementary strand hybridizes under stringent conditions with a nucleic 
acid molecule of any one of (a) - (k) and having beta-carotene hydroxylase 
activity. INDEPENDENT CLAIMS are also included for the following: (1) a 
recombinant vector (II) containing (I) or produced using (I); (2) a 
recombinant organism (III) containing (II) or produced using (II) ; (3) a 



polypeptide (IV) having an amino acid sequence encoded by (I) or obtained 
by culturing (III); (4) an antibody (V) that specifically binds with 
(IV) ; and (5) a process for producing beta-cryptoxanthin. 

BIOTECHNOLOGY - Preferred Polynucleotide: (I) preferably encodes the 
polypeptide having a sequence of (SI) or has an identity of 72.8% or more 
with (SI) . The polynucleotide is derived from a strain of A.thaliana or 
G. maximum Preferred Vector: In (II), (I) is operatively linked to expression 
control sequence is allowing expression in prokaryotic or eukaryotic 
cells. Preferred Organism: The beta-carotene hydroxylase gene is 
heterologous ly introduced by means of recombinant DNA techniques, and 
(III) is thus capable of producing beta-cryptoxanthin. Preferably, the 
organism is a strain of Phaf fia rhodozyma, or 
Xanthophyllomyces dendrorhous . 

USE - (I) Is useful for making a recombinant vector. (II) Is useful 
for making a recombinant organism which involves introducing (II) into a 
host organism chosen from Escherichia coli, baculovirus, Saccharomyces 
cerevisiae, Phaf fia rhodozyma, or Xanthophyllomyces 
dendrorhous. (Ill) Is useful for preparing polypeptide having 
beta-carotene hydroxylase activity by recombinant techniques. (Ill) Is 
useful for producing beta-cryptoxanthin (all claimed) . Fragment of (I) 
can be used as PGR primers or probes which are designed for using 
identifying and/or cloning beta-carotene hydroxylase homologs in other 
organisms or cells . 

EXAMPLE - Cloning of full-length cDNAs for beta-carotene hydroxylase 
(BHYD) gene from Arabidopsis thaliaha and Glycine max was carried out as 
follows. The following PGR primers were designed and synthesized: ATZ17 
(ggccattatggccatggcggtaggactctccgc) , ATZ18 (ggccgaggcggccttagttgttctcatta 
gcta) , and ATZ21 (ggccattatggccgtgccttggtctgaaatgtt) . Among these 
primers, the nucleotide sequence of ATZ17 corresponds to the 5 ' -end of 
mature BHYD gene from A.thaliana and G. maximum On the other hand, ATZ21 
corresponded to the internal BHYD sequence which covers the common 
sequence between bacterial and plant BHYD genes which probably 
corresponds to the catalytic domain of BHYD. After the PGR reaction of 25 
cycles of 94 degrees C for 15 seconds, 55 degrees G for 30 seconds and 72 
degrees C for 1 minute by using HF polymerase as a DNA polymerase. The 
cDNA library derived from A.thaliana and G.max was heated at 99 degrees G 
for 5 minutes before use as a PGR template. The, yielded reaction mixture 
was applied to agarose gel electrophoresis. Each PGR band that had a 
desired length was recovered from the PGR reaction mixture and purified. 
After transformation of competent Escherichia coli TOPIO, 6 white 
colonies were selected from each PGR reaction and plasmids were isolated 
with Automatic DNA isolation system. As a sequence of these candidates 
for BHYD gene from A.thaliana and G.max, putative BHYD gene from 
A.thaliana and G.max consists of 945 bp were determined fro those 
nucleotide sequence. Nucleotide sequence of BHYD gene obtained from 
A.thaliana and nucleotide sequence for BHYD gene obtained from G.max had 
a fully defined sequence of 971 bp, respectively as given in 
specification. The corresponding proteins had a fully defined sequence of 
314 amino acids as given in specification. (49 pages) 
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AB DERWENT ABSTRACT: 

NOVELTY - An isolated acetyl -CoA carboxylase polynucleotide comprising 
nucleic acid (N) such as (N) encoding a polypeptide (P) having a sequence 
of 511 amino acids, given in specification, (N) having a sequence of 1536 
nucleotides, given in specification, (N) whose nucleotide sequence is 
degenerate and (N) encoding (P) derived from the above (N) by way of 
substitution, deletion and/or addition, is new. 

DETAILED DESCRIPTION - An isolated polynucleotide (I) comprising one 
or more nucleic acid molecules chosen from nucleic acid molecules 
encoding mature form of the polypeptide having a fully defined sequence 
(SI) of 2214 amino acids as given in the specification, nucleic acid 
molecules comprising a fully defined sequence (S2) of 6645 nucleotides as 
given in the specification, nucleic acid molecules whose nucleotide 
sequence is degenerate as a result of the genetic code to the above 
mentioned nucleotide molecules, nucleic acid molecules encoding a 
polypeptide derived from the polypeptide encoded by above polynucleotides 
by way of substitution, deletion and/or addition of one or several amino 
acids of the amino acid sequence of the polypeptide encoded by above 
nucleic acid sequence, nucleic acid molecules encoding a polypeptide 
derived from the polypeptide whose sequence has an identity of 56.3% or 
more to the amino acid sequence of the polypeptide encoded by the first 
two nucleic acid molecule, nucleic acid molecules comprising a fragment 
encoded by above nucleic acid molecules and having acetyl -CoA carboxylase 
activity, nucleic acid molecules comprising a polynucleotide having a 
sequence of a nucleic acid molecule amplified from Phaffia nucleic acid 
library using the primers having a sequence of athggngcntayytngynmgnytngg 
(S3), acnacnacccangcnccnccnckna (S4) and ttaccctcgtcgtcctcaagaaccat (S5) , 
where n is a, c, g or t, nucleic acid molecules encoding a polypeptide 
having acetyl -CoA carboxylase activity, where the polypeptide is a 
fragment of a polypeptide encoded by above nucleic acid molecules, 
nucleic acid molecules comprising at least 15 nucleotides of a 
polynucleotide of any one of first four nucleic acid molecules, nucleic 
acid molecules encoding a polypeptide having acetyl -CoA carboxylase 
activity, where the polypeptide is recognized by antibodies that have 
been raised against a polypeptide encoded by any one of first eight 
nucleic acid molecules, nucleic acid molecules obtainable by screening an 
appropriate library under stringent conditions with a probe having the 
sequence of any one of above nucleic acid molecules and encoding 
polypeptide having acetyl -CoA carboxylase activity, and nucleic acid 
molecules whose complementary strand hybridizes under stringent 
conditions with a nucleic acid molecule of any on of above nucleic acid 
molecule and encoding a polypeptide having acetyl -CoA carboxylase 
activity. Optionally, (I) further comprises a nucleic acid molecule 
having a fully defined sequence (S6) of 10561 nucleotides as given in the 
specification. INDEPENDENT CLAIMS are also included for the following: 

(1) a recombinant vector (II) comprising (I) or produced by using (I) ; 

(2) a recombinant organism (III) comprising (II); (3) a polypeptide (IV) 
obtained by using (III) ; (4) an antibody that binds specifically to (IV) ; 
(5) an antisense polynucleotide (V) against (I) ; (6) a recombinant vector 
(VI) comprising (V) or produced by recombinant vector in which (V) is 
inserted; (7) a recombinant organism (VII) comprising (VI) ; and (8) 
producing carotenoid by culturing a microorganism under suitable 
conditions and optionally, recovering the resulting carotenoid, where the 
microorganism reduces the gene expression of acetyl -CoA carboxylase, 
e.g., by techniques chosen from antisense technology, site-directed 
mutagenesis, error prone PGR, or chemical mutagenesis. 

BIOTECHNOLOGY - Preferred Polynucleotide: (I) encodes an amino acid 
identical to (SI) or has an identity of 51.3% or more with (SI) . (I) is 
derived from a strain of P. rhodozyma or Xanthophylomyces dendrorhous. 
Preferred Vector: In (II) or (VI), (I) or (V) is operatively linked to 
expression control sequences allowing expression in prokaryotic or 
eukaryotic cells. Preferred Organism: (VII) reduces gene expression of 



acetyl -CoA carboxylase compared to the host organism, and thus is capable 
of producing carotenoids in an enhanced level relative to a host 
organism. The gene expression of acetyl-CoA carboxylase is reduced by 
techniques chosen from antisense technology, site-directed mutagenesis, 
error prone PGR, or chemical mutagenesis. ' 

USE - (I) is useful for producing a recombinant vector. (II) is 
useful for producing a recombinant organism which involves introducing 
(II) into a host organism chosen from Escherichia coli, baculovirus, and 
Saccharomyces cerevisiae. (Ill) is useful for producing a polypeptide 
having acetyl-CoA carboxylase activity which involves culturing (III) and 
recovering the polypeptide f rom the culture of (III) . (V) is useful for 
producing a recombinant vector which involves inserting (V) into a 
vector. (VI) is useful for producing a recombinant organism which 
involves introducing (VI) into a host organism. (VII) is useful for 
producing carotenoids chosen from xanthium, beta-carotene, lycopene, 
zeaxanthin and canthaxanthin, which involves culturing (VII) (all 
claimed) . (I) is useful for increasing microbial production of 
carotenoids . 

EXAMPLE - No relevant example is given. (82 pages) 
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ACCESSION NUMBER: 2004-09371 BIOTECHDS 

TITLE: Producing carotenoids biologically by cultivating 

Xanthophyllomyces microorganisms in presence of inhibitor for 
biosynthesis of sterols from farnesyl pyrophosphate, in 
aqueous nutrient medium under aerobic conditions; 

carotenoid production via fungus culture for use in food 

AUTHOR: HOSHINO T; MASUDA S; SETOGUCHI Y 

PATENT ASSIGNEE: DSM IP ASSETS BV 

PATENT INFO: WO 2004001057 31 Dec 2003 

APPLICATION INFO: WO 2003-EP3742 10 Apr 2003 

PRIORITY INFO: EP 2002-13784 21 Jun 2002; EP 2002-13784 21 Jun 2002 

DOCUMENT TYPE: Patent 

LANGUAGE : Engl i sh 

OTHER SOURCE: WPI : 2004-180184 [17] 

AB DERWENT ABSTRACT: 

NOVELTY - Producing carotenoids (C) biologically, comprising cultivating 
microorganism capable of producing (C) and belonging to genus 
Xanthophyllomyces (Phaffia) in presence of inhibitor for biosynthesis of 
sterols from farnesyl pyrophosphate, and a substrate for producing (C) in 
an aqueous nutrient medium under aerobic conditions, and isolating the 
resulting (C) from the cells of the microorganism or from the cultured 
broth, is new. 

BIOTECHNOLOGY - Preferred Method: The inhibitor for biosynthesis of 
sterols from farnesyl pyrophosphate is chosen from squalene synthase 
inhibitors such as ammonium ion based squalene synthase inhibitors chosen 
from phenoxypropylamine-type squalene synthase inhibitors e.g., 

(3- (3-allyl-biphenyl-4-yloxy) -propyl) -isopropyl- amine, 
N-isopropyl-3- (4-acetamido-2 -allylphenoxy) propylamine, 
N-methyl-N- isopropyl -3- (4 -acetamide- 2 -allylphenoxy) propylamine, 
N-cyclopentyl-3- (4 -acetamido-2 -allylphenoxy) propylamine, 
N-cyclobutyl-3 - (4 -acetamide-2 -allylphenoxy) propylamine, 
N- i sopropyl - 3 - ( 2 - al ly 1 - 4 -butyramidophenoxy ) propylamine , 
N-isopropyl-3 - (4 -acetamido-2 -propylphenoxy) propylamine, and 
N-isopropyl-3- (4 -acetamido-2 -allylphenoxy) -1-methylpropylamine, and its 
salts. Preferably, the phenoxypropylamine-type squalene synthase 
inhibitor is (3- (3 -allyl-biphenyl-4-yloxy) -propyl) - isopropyl- ami ne , or 
its salt, N-isopropyl-3- (4-acetamido-2-allylphenoxy) propylamine or 
N-methyl-N- isopropyl -3- ( 4 -acetamide -2 -allylphenoxy) propylamine . The 
concentration of the inhibitor is within the range that gives less than 
50 (preferably 30) % reduction of the cell growth under (C) producing 
conditions. The cultivation is carried out at a pH in the range 4-8 

(preferably 5-7) and at a temperature in the range 15-26 (preferably 
18-22) degreesC, for 24-500 (preferably 48-350) hours. 



USE - The method is useful for producing carotenoids biologically 
(claimed) . The carotenoids are useful in the preparation of food or feed. 

EXAMPLE - Phaffia rhodozyma ATCC96594 was 
inoculated into YPD medium and cultivated by shaking at 2 0 degreesC for 2 
days. 0.5 ml of the culture was inoculated into fresh YPD medium (10 ml 
in tube) containing 30 g/1 of glucose and 0, 0.2, 0.5, 1, 2, 5, 10 and 20 
microg/ml, respectively, of (3- (3-allyl-biphenyl-4-yloxy) -propyl) - 
isopropyl- amine, squalene synthase inhibitor and cultivated by shaking at 
20 degreesC for 5 days. An aliquot of the culture was withdrawn 
occasionally during the cultivation, and optical density at 660 nm was 
measured by using UV-1200 photometer for analysis of the cell growth. The 
cell growth was not affected when the concentration of the squalene 
synthase inhibitor was not higher than 2 microg/ml . 23 % inhibition of 
the cell growth was observed at day 2 by 5 microg/ml of the inhibitor. To 
study the effect of addition of the squalene synthase inhibitor on the 
astaxanthin production by P. rhodozyma, ATCC96594 was inoculated into YPD 
medium and cultivated by shaking at 20 degreesC for 2 days. 2.5 ml of the 
culture were inoculated into fresh YPD medium (50 ml in flask) containing 
22 g/1 of glucose and 0, 0.5, 1, 2 and 5 microg/ml, respectively, of 
(3- {3-allyl-biphenyl-4-yloxy) -propyl) -isopropyl-amine, and cultivated by 
shaking at 20 degreesC for 7 days. On day 2 of the cultivation, 50 g/1 of 
glucose was added to the culture. Addition of the inhibitor in the middle 
of the cultivation was also tested. An aliquot of the culture was 
withdrawn at day 4 and day 7 of the cultivation, and optical density at 
660 nm and astaxanthin content in the culture were measured. The results 
showed that astaxanthin production was enhanced in all conditions tested. 
The best result was obtained when the inhibitor was added at day 2 of the 
cultivation, but addition of the inhibitor from the beginning of the 
cultivation was also effective on the astaxanthin production. (13 pages) 
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ACCESSION NUMBER: 2002-11049 BIOTECHDS 

TITLE: Production of carotenoids, particularly astaxanthin, useful 

as colorant in fish feeds, by culturing mutant organism with 
reduced alternative oxidase activity; 

vector plasmid pCR2 . 1-TOPO-mediated gene transfer and 
expression in Escherichia coli, DNA primer, antisense and 
polymerase chain reaction for use in fish feedstuff and as 
a food-additive andcolorant 
AUTHOR: HOSHINO T; OJIMA K; SETOGUCHI Y 

PATENT ASSIGNEE: HOFFMANN LA ROCHE and CO AG F 
PATENT INFO: NO 200102552 26 Nov 2001 

APPLICATION INFO: NO 2000-2552 24 May 2000 
PRIORITY INFO: EP 2000-111148 24 May 2000 
DOCUMENT TYPE: Patent 
LANGUAGE : Norwegi an 

OTHER SOURCE: WPI : 2002-194135 [25] 

AB DERWENT ABSTRACT: 

NOVELTY - Production of carotenoids (I) by growing an organism (A) 
produced by treating a (I) -producing organism to reduce activity of an 
alternative oxidase (AO) and selecting strains with increased (I) 
productivity. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for (1) 
a method for producing a mutant strain with increased (I) productivity by 
growing a parent organism under conditions that reduce AO activity, and 
selecting; (2) mutant strain produced by method (a) ; (3) recombinant 
organism with increased (I) productivity, produced by altering expression 
of the AO gene; and (4) recombinant DNA encoding an AO from a 
(I) -producing organism. 

BIOTECHNOLOGY - Recombinant DNA of (d) is a 3724 bp sequence (2), 
encoding a 410 amino acid protein (1) , from P. rhodozyma, or a sequence 
with at least 55% identity at the nucleic acid level or 51.5% identity at 
the protein level. Preparation: Degenerate primers (sequences given) were 
designed based on sequences conserved in known AO genes and used for 



polymerase chain reaction (PGR) amplification of cDNA from a spontaneous 
SHAM-resistant mutant of P. rhodozyma. Amplicons were cloned into 
PCR2.1-T0P0 for expression in Escherichia coli TOPIO. One isolated 
amplicon was used to screen genomic DNA from the same source to select a 
6 kb EcoRI insert of which 2561 bp were sequenced to identify a 12 06 bp 
reading frame containing 10 exons and 9 introns . The Genome Walker kit 
was used to clone the region 5' of the coding sequence to identify a 1406 
bp promoter; together with the coding region this forms sequence (2) . An 
ant i sense sequence corresponding to the entire structural gene of AO was 
amplified by PGR and cloned under control of the AST gene promoter and 
terminator. When the recombinant vector was used to transform P. 
rhodozyma, one clone with increased pigmentation was detected. 

USE - The method is particularly used to prepare astaxanthin, used 
as a fish feed additive to impart an orange-red color to the flesh. 

ADVANTAGE - (A) provide yields of (I) up to 50% higher than 
wild-type strains. 

EXAMPLE - When the wild- type Phaffia rhodozyma 
was grown for 65 hr at 20 degrees C, the content of astaxanthin was 0.211 
mg/g dry cells. When the same strain was transformed with a vector that 
expressed a sequence antisense to the alternative oxidase gene, the 
corresponding figure was 0.240 mg/g dry cells, i.e. an increase of about 
15%. 
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AGGESSION NUMBER: 2000-14326 BIOTEGHDS 

Novel polynucleotide encoding astaxanthin- synthase useful for 
producing recombinant cells for producing astaxanthin from 
beta -carotene ; 

plasmid pRLR9 13 -mediated gene transfer and expression in 
Phaffia rhodozyma 
Hoshino T; Ojima K; Setoguchi Y 

Roche 

Basle, Switzerland. 
EP 1035206 13 Sep 2000 
EP 2000-104430 3 Mar 2000 

EP 20002101666 1 Feb 2000; EP 1999-104668 9 Mar 1999 
Patent 
English 

WPI: 2000-559874 [52] 
A N containing nucleotide sequence coding for an enzyme with 
astaxanthin-synthase activity catalyzing the reaction from beta-carotene 
to astaxanthin, preferably in Phaffia rhodozyma, is 
new. Also claimed are: a vector or plasmid (e.g. plasmid pRLR913) 
containing the DNA; a host cell (e.g. P. rhodozyma (ATCG 96815)) 
transformed or transfected by the DNA or vector; a protein encoded by the 
DNA; preparation of the protein by culturing the host cell under suitable 
conditions and recovering the expressed protein; and production of 
astaxanthin by contacting beta-carotene with a peptide with 
astaxanthin-synthase activity in he presence of an electron donor in a 
reaction mixture containing a reconstituted membrane. The DNA and 
protein are useful for producing astaxanthin. (46pp) 
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2000-02 02 6 BIOTECHDS 

Isolated DNA sequences encoding enzymes, useful for the 

production of isoprenoids and carotenoids; 
Phaffia rhodozyma 3-hydroxy-3- 
methylglutaryl-GoA- synthase, 3 -hydroxy-3 -methylglutaryl- 
CoA-reductase, mevalonate -kinase, mevalonate -pyrophosphate - 
decarboxylase and farnesyl -pyrophosphate -synthase 

Hoshino T; Ojima K; Setoguchi Y 

Roche 

Basle, Switzerland. 
EP 955363 26 Apr 1999 



APPLICATION INFO: EP 1998-108210 6 May^.1998 

PRIORITY INFO: EP 1998-108210 6 May 1998 

DOCUMENT TYPE: Patent 

LANGUAGE : Engl i sh 

OTHER SOURCE: WPI : 2000-001086 [01] 

AB A DNA sequence from Phaffia rhodozyma or its 

complement encoding an enzyme or its derivative involved in the 
mevalonate pathway or the pathway from isopentenyl pyrophosphate to 
farnesyl pyrophosphate, is new. The enzyme is: 3-hydroxy-3- 
methylglutaryl-CoA-synthase (EC-4.1.3.5, 1,091 amino acids) encoded by a 
6,370 bp sequence; 3 -hydroxy- 3 -methylglutaryl-CoA- reductase (EC-1 . 1 . 1 . 88, 
467 amino acids) encoded by a 4,775 bp sequence; mevalonate-kinase 
(EC-2.7.1.36, 432 amino acids) encoded by a 4,135 bp sequence; 
mevalonate-pyrophosphate-decarboxylase (401 amino acids) encoded by a 
2,767 bp; and farnesyl -pyrophosphate -synthase (355 amino acids) encoded 
by a 4,092 bp sequence. Also claimed are: a vector or plasmid containing 
the DNA sequence; a host cell; and a method for producing the enzyme. 
The enzyme can be used in the production of isoprenoids and carotenoids, 
especially astaxanthin. Astaxanthin is useful for the pharmaceutical 
industry, to protect cells against cancer as it has a strong 
antioxidation property. Astaxanthin is also useful as a coloring reagent 
in the farmed fish industry. (58pp) 
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